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siderable overloads for short periods, special material
of a large thermal capacity might be desirable.

Mr. Holt turn has referred to the variations observed
in the thermal resistivity of the material. The thermal
resistivity is a comparatively difficult quantity to
measure with a high degree of accuracy, although it
is much easier to get results with lead-sheathed cables
than with unsheathed cables. I think his suggestion
that variations might be due to variations in the
intimacy of contact between the copper or lead and
the insulating material is probably correct.

Professor Thornton refers to the differences that have
been recorded in the temperature coefficient of copper.
This quantity does vary within considerable limits in
cables. In our experiments we found differences in
cables of exactly similar type and construction of as
much as 1 per cent,-although the copper used in the

cables was assumed to be pure. The figures given by
Mr. Melsom with the larger number of samples that
he had to test show still wider fluctuations, and any
difference that there is between the average figure
for the temperature coefficient given in our results
and his is fully explained by these differences.
With regard to the variations in resistivity, it
is of course very difficult to base measurements of
resistivity on these tests. The cable sections given are
nominal, and no allowance has been made for the effect
of laying up. I think there is no doubt that the cable
manufacturers take very good care that the copper
that thejr purchase has good conductivity. The deter-
mination of this quantity may be made with great
accuracy on, a solid wire, but it cannot, of course, be
determined with any degree of precision on cables
built up with, say, 90 strands or more.

ADDRESS TO THE STUDENTS' SECTION.

By LLEWELYN B. ATKINSON, President.

(Address delivered at BIRMINGHAM, 4 January, and at LONDON, 18 February, 1921 •)

In addressing the Students of the Institution I
may point out that in addition to the Students' Section
in London which has 406 members attached, there
are 5 other Students' Sections, and the total number
of Students on the roll of the Institution is now
1 756, of whom 1 138 are attached to Students' Sections.

The Institution Council attach the greatest impor-
tance to the Students' Sections ; they are the training
ground for our future electrical engineers and, in
addition, the recruiting ground from which the future
membership of the Institution will be obtained.

The late Silvaniis Thompson, in his opening address
to the students at the Finsbury Technical College,
used to say that possibly among the students were
future Presidents of the Institutions of Civil, Mechanical,
and Electrical Engineers, and so among the Students
of this Institution we may reasonably look for our
future Presidents. My own recollections go back to
the days when I was a Student of the Institution of
Civil Engineers, which I joined because my father was
a civil engineer, and I realize now the great advantages
which accrued to me from listening to, discussing, and
reading papers before the Students' Section among
my own equals.

The regular attendance at meetings of-the Students'
Sections and the training it provides in taking part
in public meetings enable the Student later to take
part in the proceedings of the Institution and, provided
the speaker in these meetings speaks to the point and
on a subject on which he can give new or relevant

information, he is not only helping his fellow members,
but obtaining a useful and proper publicity for his
own abilities. Such publicity is the means of making
acquaintances and coming into contact with workers
in the same line, and not infrequently of professional
or business opportunities which might not otherwise
have occurred.

In an address to students or young engineers it is
natural that an older man should be called upon to
draw upon his experience for the benefit of those who
are at the threshold of their careers. In so doing it
is also only natural that the individual reviewing the
causes of his successes and failures should perhaps
ccme to the conclusion that his experiences are more
or less general, whereas it is equally probable that
they are particular, or there would be no difference
between the outlook and aim of individuals.

For one the greatest satisfaction will accrue from
the possession of wealth, not merely as an expression
of the possibility of realizing the amenities of life,
but for its own sake and the power and prestige it
gives.

For another the pleasure of designing and executing
new and interesting works, or of achieving scientific
discovery, will compensate for quite moderate means
of livelihood.

For yet another the ambition to stand in the fore-
front of his fellow men will, if satisfied, compensate
for a lifetime of arduous labour.
• Whilst yet again the leading of a full life, the life of
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a home and family, the devotion of time and study to
other subjects than engineering, such as nature, litera-
ture, or travel, will justify a departure from total
absorption in engineering work, making this, in fact,
a means to these other amenities.

•Now it may be at once granted that in nearly all
cases the greatest success will be obtained for a given
ability, if that ability is devoted solely to one subject.
In any case it is well to specialize on some branch of
a subject to the extent of being a recognized authority
on it.

It is also well to recognize that, for a given level of
ability, material success will be greater if that ability
is devoted directly to the commercial rather than to
the purely scientific side of engineering.

Let me make this point quite clear. Ability covers
such qualities as clear appreciation of the elements of
a problem, sound judgment as to the weight to be
attached to these elements, the power to decide on
the most suitable solution of the problem, and the
power to utilize the solution decided upon.

It will be seen that these qualities are equally
applicable to an engineering or a commercial problem.
If an engineer is to design a machine he must clearly
apprehend the pjurpose of the machine, the space
available, the weight permissible, the speed at which
it may be worked, and the price it will fetch. He
must first decide on the conflicting claims of these
different elements, and be able to make up his mind
as to the degree to which he will finally admit thess
claims. Having done so he will complete the design,
and will finally be able to convince others that it is
correct and superior to any other.

The commercial engineer will have to deal with the
same problem, but probably at a later stage. That is,
knowing the elements, and having more than one
solution put before him, in the shape of completed
designs at stated prices, and knowing the possible
market, he has to choose between them and finally
to convince the customer that his selection is the best
possible one.

But mark the difference in the material reward.
The designing engineer will only slowly feel the benefit
arising from a correct solution ; he will eventually do
so by the desire of his employer to retain, or other
employers to obtain, his services, and this will affect
his salary. The commercial engineer will almost
immediately realize the result of his decision, and this
will much more quickly be reflected on his earning
power, either as employee or as a manufacturer, than
in the case of the designing engineer. Probably it is
from this cause that the best-paid posts in engineering
work are on the selling or commercial side rather than
on the strictly engineering side. On the other hand,
the weeding out of ability not equal to its tasks is more
ruthless.

A friend of mine once remarked of the members of
a learned Society that they were nearly all disappointed
men, and that the majority of them nursed a grievance.
These men are each eminent in some scientific domain,
and yet their material rewards are not much greater
than very moderately successful tradesmen would
receive.

A union of scientific workers has recently been
formed and has issued a manifesto on the exploitation
of scientific research workers by commercial firms.
What I think they intended to convey is this : that
a scientific discovery made by a person who is definitely
employed on research work is in a different category
from a design by a draughtsman paid to design, or
a cook paid to cook dinners. This, to my mind, is
entirely fallacious.

Research workers have only to show by results that
their employment is sufficiently profitable, when those
of them producing results will be able to demand
equivalent payments. It is true that some forms of
research do not lend themselves to private owner-
ship. Such researches should be undertaken by the
State. If research workers consider that they are
exploited they should work in co-operation, devoting
themselves to research and employing commercial
people to dispose of their discoveries, and the fact
that they do not do so indicates that the exploitation
of discovery is more difficult than the making of it.
This brings me back to my starting point, viz. that
for equal abilities a commercial engineer will obtain
a higher reward than a purely scientific engineer. I
do not, however, think that the scientific worker has
any cause for complaint. He has an occupation giving
admittedly great mental and intellectual pleasure,
greater rdclame if success is won, a more regular life,
less anxiety and less risk.

So to you on the threshold of your careers I suggest
that, whatever your engineering attainments, you
should study the principles of business, of organization,
of finance, and of economics. These subjects can be
considered from a point of view quite as scientific as
the problems of engineering. Those who would like
to dip into such a subject as economics might study
two small books. The first of these (published by
Messrs. Frowde and Co.) is : " A Geometrical Political
Economy ; an Elementary Treatise on the Method of
Explaining Some of the Theories of Pure Economic
Science by means of Diagrams," by H. Cunynghame.
One of the earliest writers to use diagrams or graphs
to illustrate political economy was Fleming Jenkin,
at one time Professor of Engineering at the University
of Edinburgh, who was associated with Lord Kelvin
in the early Atlantic cables and author of a book on
" Electricity and Magnetism," which in 1880 was
largely read, but which is now possibly forgotten.
This book of Cunynghame's gives a fascinating study
in a short compass by means of graphs of nearly all
the principles of economics applicable to business.

The other book is a reprint from the Electrician
of articles which appeared in 1918 and 1919 under
the title: " The Economics of Works Costs," by
J. R. Dick, B.Sc, who is the head of an engineering
works producing electrical specialities. This book
shows the application of simple analytical methods to
the solution of the problems arising in works' costs,
and illustrates the method of applying analytical
methods to the various problems arising in productive
businesses.

I mention these two books—one graphical, one
analytical—because some students prefer one method
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and some the other, but either illustrates my point
that business problems may be studied by very powerful
methods capable of use by those who, like engineers,
are trained in these methods.

Consider again the questions of organizing produc-
tion in a works or the carrying out of contracts external
to works. Some 30 years ago methods of organization,
both inside works and as regards the carrying out of
engineering work outside, were in a very crude and
chaotic state. Very little general information existed
on costs of doing work or on the output of tools and
plant. When I was apprenticed in Kitson's locomotive
works, I did a good deal of timing of drilling opera-
tions, cutting speeds and so on, but it was left very
much to individual taste to decide what to use. The
keeping of costs was very perfunctory; each man
entered up on a chalked board how long he was at
work and the order number he was on, but there was
no check and much manipulation. All these methods
have now disappeared, and costs are accurately ascer-
tained, and checked by staffs specially employed for
the purpose. Engineering students should study these
questions; there is plenty of literature on the subject,
both permanent and in magazine form.

Outside contracts for erecting were in those days
left very much to foreman erectors, and on the whole
the system worked well, machinery being fairly simple
and of few types. These men stayed all their lives
with one firm and took a great pride in their work.
To-day with much heavier and more complicated plant,
or cable work with jointing which requires the very
greatest care, and with working staffs of a much more
migratory character, the planning of the work is done
at the head office and the control of the execution
entrusted to a young trained engineer.

I strongly urge you to seize every opportunity of
getting on to such outside work; there is no better
training in initiative and in overcoming unforeseen
troubles, and there is no way in which a young engineer
of ability can more readily and forcibly come to the
notice of his superiors than by a successfully completed
erecting contract, where foresight and energy and the
ability to keep the working staff going without loss
of time have told their tale by completion before the
expected date.

Do not be afraid to study the markets and prices
of the raw materials engineers have to deal with.
Changes in methods of production, in demands by
allied industries, and discoveries of new sources of
raw materials, produce very great changes in the
relative values and importance of different raw materials,
and only by following or predicting these changes can
advantageous changes in design be brought about.

Study the elementary principles of contract law,
the transfer of property or rights to property and the
consideration given, and how contractual conditions
may sometimes arise even without intention. Make
yourself acquainted with the legal obligations and
rights of employers and employed, including employers'
liability for accident, and for workmen's compensa-
tion. Study the principles of the capitalization and
control of limited companies, and prepare for yourself
a chart showing how the control and responsibility in

your own works is delegated by the owners, that is
the shareholders, to the directors, and thence by steps
to the office boy or the floor sweeper.

You will often have men in your charge much less
capable than you are of judging risks of accidents and
injury. Never allow such men to be where—if any
accident to plant or lifting tackle takes place—they
will be injured. Special care in this respect is neces-
sary with temporary structures and lifting appliances
that have not frequently performed the same operation.
" Safety first" is a very good watchword ; it may
seem a light matter to let men run risks, but it would
be a lifelong sorrow to any engineer to think that a
fellow-being had been killed or maimed for life by any
lack of rigid care in this respect.

Engineers receive a scientific training which should
lead to scientific accuracy in thought and expression,
but there are little lazy habits of thought and expressions
which mar otherwise useful work. The purpose of
language is to express ideas, and although the English
language is not so full of fine shades of meaning as
the French language, it contains a great choice of words
suited to express kindred ideas. The taking of trouble
in thinking out and framing expressions is rather out
of fashion, but this makes it the more easy to mark
one's way in the crowd. When writing letters or reports
read them over once or twice, for it is possible that
some phrase you have used may have two meanings,
one of them not intended. Suppose yourself to be
the recipient who knows nothing of the matter reported
upon ; have you stated all that is necessary for a com-
plete statement of the case, are all the dates correct,
and have you checked all the figures, or do you only
" think " that something stated is right ? These are
things about which young engineers are not careful
enough ; care comes with age and experience. I read
in my father's diary in which he wrote of his engineering
work : " It is a pity X is so careless, we have had to
re-level a whole section of the railway again, owing to
his inaccuracy." X afterwards became a very cele-
brated engineer and a President of one of our Institu-
tions, but such carelessness might have lost him
advancement at some critical moment.

Make the acquaintance as far as you can of men of
ability and position in your own and allied professions,
as such men are usually anxious to help the younger
men in the profession, especially if they know that
they are working seriously at the problems of science
and industry. I speak gratefully now, as I have done
on other occasions, of the help and guidance given to
me as a young engineer by such men as Sir William
Siemens, Sir William Preece, Professor Ayrton, Dr.«
Silvanus Thompson, and many others.

Realize the immense importance of personal character
and regularity of work and life. A young engineer
who used to be employed by my company applied for
an important post, giving my name as a reference.
The man who was to choose the candidate asked me
to see him, and I did so. Replying to his question,
I said : " I do not know whether his qualifications
are what you want, you can satisfy yourself on that,
but I will say this, he will always be at his post when
wanted, and will never let you down." He thanked
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me for that information and said : " We are always
in this difficulty, that several men seem equally qualified,
but lack just those qualities that tell in the end." The
candidate I recommended obtained the post and has
amply justified his selection.

A man of experience once said to me : " I do not
know a single case of a man of reasonable ability, who
works reasonably hard, and who has a good character
and good health and is absolutely honest, who has
not got on." Another said to me one day, speaking
of the members of his staff: " There is a very small
apparent difference between the man worth £100 a
year and the man worth £1 000 a year; the first does
his work well, but comes a minute or two late, and at
the closing hour he has put everything away, has washed
his hands and has his hat on ready to go. The man
with £1 000 a year finishes when the job is finished,
and has prepared his mind for the day's work by the
time he arrives in the morning." It. is the attitude of
mind that leads to the great difference.

Another, the head of a great concern, once said to
me : " There is plenty of room at the top of every
business, but the lower parts are always full." The
difficulty is to find jobs for people of only moderate
attainments, and equally difficult is it to find men to
fill jobs requiring high attainments.

Among the greatest of qualities to be cultivated is
that of unfailing good temper in times of difficulty,
of annoyance, and of strain. It can be cultivated, and
it not only saves nerve strain and "exhaustion to your-
self, but it is. infectious and helps others along at the
same time. Few men realize the power of a smile.
Some of the most difficult situations may be surmounted
by a good-humoured word at the appropriate moment;
it ionizes the atmosphere, and discharges the accumu-
lated and opposite electricities.

Take part in the social activities connected with
your works, or societies connected with your profession
and industry. They provide a means of coming into
touch with associates that you do not meet in your
daily life and work, and it is another means of opening
new channels of thought and new avenues of work
and employment. It has the additional advantage
that good friends are made who are a great pleasure
in later life. You will not realize until you get older
that men do not make friends in later life of the kind
and depth that they do when young, and our real
friends when we get older are those we have cultivated
as young men. This is one reason why it is very
important to be sure that the friends made in youth
have the proper qualities to be worth a life-long

• acquaintance.
I must say a word or two on the deep and far-reaching

social changes which are taking place around us. We
are always meeting conditions which we cannot alter,

and we must adapt ourselves to them. It might, for
instance, be argued that the earth would be improved
if the poles had an average temperature equal to
that of our latitudes and the same increase of
temperature on approaching the equator. But the
discussion is useless. We must accept and adapt
ourselves to the existing conditions.

It might also be argued that a social State with a
leisured and cultured and learned or scientific class
founded on a slave class or a wholly uneducated working
class, and the first class ruling the whole State, is the
social arrangement producing the greatest total comfort.
It is certainly vigorously argued to-day that the ideal
State is one in which everyone takes an equal share in
the manual and laborious and tedious tasks and where
education is as far as possible equally divided. But
the real facts are these. To a large extent we are
going through a process leading from the first of these
towards the second. The process has advanced an
immense way in my lifetime. Assuming, as 1 do,
that the process will proceed in England by evolutionary
and not revolutionary methods, it may take two or
three more lifetimes to complete. But it must be
realized that it is taking place. To the classes from
which young engineers are drawn it must on the whole
mean a diminution of relative wealth and position,
but it need not necessarily mean a diminution of
happiness and contentment. If education, refinement,
and regard for others were equally distributed, much
that we dislike in these changes would disappear
This being so, if in our own cases education has had
a refining influence, it may act on other classes in the
same way. The great experiment in continued educa-
tion which is just beginning will tell us a good deal,
but not perhaps for 20 years. It is a long time to
wait. In the meantime all that you can do is not to
take any step that accentuates or emphasizes difference
of class. Help those who are on a lower grade than

' yourself, show them that, as they rise, more is to be
i expected of them, realize that they have not had the
i training or environment that have been your advan-

tages. On the whole, engineers have a wider and more
tolerant outlook on these matters than other professional
classes, because in youth they are in immediate working
contact with manual workers, as part of their training.

In this address I may appear to have rambled in a
somewhat disconnected manner over a good deal of
ground, and to have thrust more advice than information
upon you. But let me say this, that if 1 had been
told and had understood many of the points I have
mentioned to you, I should have been saved some
trouble; and I may add that I have seen many
failures to achieve success by young men of good
abilities, because they have not understood the
necessity of some of the things I have mentioned.




